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Abstract
Background
The increasing burden of musculoskeletal disorders combined with the high utilization of opiates and the
relatively limited ability of traditional approaches to satisfactorily address many of these conditions has
spurred an increased interest in alternative treatments such as regenerative medicine therapies. Evidence is
growing to support the use of regenerative injection treatments, including prolotherapy, platelet-rich
plasma (PRP), platelet lysate (PL), and mesenchymal stromal cells. This study aims to offer a proof of
concept via a case series of patients with neck pain treated using a functional spinal unit (FSU) model with
combination prolotherapy, PRP, and PL injections.

Methodology
A chart review identified patients with neck pain treated with a combination of cervical injections using
concentrated platelets and prolotherapy.

Results
A total of 14 patients met the inclusion criteria. The average decrease in the Numeric Pain Score was 2.8 (p =
0.002). The mean decrease in the Functional Rating Index was 27.3 (p = 0.004) at 24 months. Two patients
had mild adverse reactions.

Conclusions
This case series demonstrates basic safety and clinically significant improvements in patients treated for
neck pain with autologous concentrated platelet products and prolotherapy utilizing an FSU treatment
protocol. Additional clinical studies are warranted with a larger patient sample size and longer follow-up
periods.

Categories: Pain Management, Physical Medicine & Rehabilitation, Orthopedics
Keywords: platelet-rich plasma (prp), opioids, opioid epidemic, prolotherapy, platelet lysate, orthobiologics,
regenerative medicine therapies, interventional pain management, chronic pain, neck pain

Introduction
As people are living longer, musculoskeletal pathology has become the leading cause of disability worldwide,
with back pain accountable as the leading driver of years lived with disability [1]. Though low back pain is the
leading contributor to the number of years lived with disability, a review of global disease burden from 1990
to 2013 found neck pain to be the fourth most common cause of years lived with disability globally and
second to low back pain for high-income countries [1]. The annual prevalence of neck pain is 13.7-50% with
a mean lifetime neck pain prevalence of 48.5% [2-4]. Though episodic in nature with 33-65% of occurrences
estimated to resolve within a year, relapses are common [4]. Neck and back pain have been linked to a 1.6-
2.3-fold increase in mental health disorders such as depression, anxiety disorders, and substance abuse
disorders [5]. Neck pain is also associated with the high utilization of opioid medications. Indeed, opiate use
within the prior 30 days of 837 patients surveyed with chronic neck and/or back pain ranged from 34.5% to
52.4% [6].

Common causes of spine pain, both cervical and lumbar, include spondylosis, discogenic, facet-mediated,
and myofascial pain [7,8]. The traditional treatment of neck pain refractory to conservative care with
medication and physical therapy includes corticosteroid injections targeted to a limited number of
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structures, radiofrequency ablation, or in very severe or debilitating cases, surgery [9,10]. Facet joint
injections, medial branch blocks, and radiofrequency ablation have become the mainstay of interventional
pain management for axial neck pain with a utilization increase of 362.9% in the cervical spine from 2000 to

2014 in Medicare recipients [10]. This increase in utilization comes despite disappointing results when
calculating cost and therapeutic efficacy, with evidence failing to demonstrate long-term relief from facet
joint blocks and the need for repeated injections [10-13]. Recent studies also suggest that the corticosteroids
and analgesics commonly utilized for these injections may contribute to the progression of arthritis [14-16].
While there is some evidence of longer-term relief from neurolysis techniques, it is possible that this could
contribute to cervical deep segmental stabilizer denervation and atrophy as the cervical medial branches
innervate the semispinalis capitis, semispinalis cervicis, and multifidus muscles [12,17]. Regarding surgery,
only limited success has been demonstrated for the treatment of neck pain without severe neurological
compromise, while conferring a much higher risk profile than percutaneous injections [18].

The increasing burden of musculoskeletal disorders combined with the relatively limited ability of
traditional approaches, including treatment with opiates, to satisfactorily address painful conditions of the
spine has spurred an increased interest in alternative treatments. One such category is regenerative
injection treatment (RIT), defined as injections of proliferative solutions, growth factors, or cells intended to
strengthen or repair injured or weak musculoskeletal and nervous structures [19]. Evidence is growing to
support the use of RITs, including prolotherapy, autologous blood products such as platelet-rich plasma
(PRP), whole blood, and platelet lysate (PL), in the treatment of musculoskeletal conditions [20-25]. These
injectates have proposed mechanisms of action including the local introduction of supraphysiological
concentrations of growth factors and bioactive proteins that induce activation of the immune system and
the natural healing cascade [26-29].

The emergence of RITs has allowed for the traditional treatment philosophy for interventional pain
management to expand beyond the “single pain generator” model to consider the entire osteoligamentous
complex, known as the functional spinal unit (FSU) [30]. In such a model, multiple tissue types are
considered and treated, including fascia, muscle, synovial joints, and ligaments. Here, we present a case
series of patients with axial neck pain treated using an FSU model via percutaneous RITs, specifically a
combination of prolotherapy, PRP, and PL, as an alternative to treatment with opioids and other traditional
treatment methods.

Materials And Methods
Patient selection
Registry data collected at a single center were used to acquire outcomes data. Patients undergoing treatment
at a private practice, outpatient-based interventional pain center were encouraged to enroll in a patient
registry to track safety and outcomes data. All patients signed a written consent prior to participation, and
the registry data protocol was approved by an Institutional Review Board (HHS OHRP #IRB00002637). The
registry protocol included prospectively tracking patients’ outcomes using an electronic system, ClinCapture
(Clinovo Clinical Data Solutions, Sunnyvale, CA), that automatically generates pre- and post-treatment
questionnaires based on the body area treated. After treatment, patients received surveys to self-report
complications and outcomes at one, three, six, twelve, eighteen, twenty-four months, and annually through
20 years. Up to five attempts were made to contact patients at each time point before being considered lost
to follow-up. Adverse events were documented by asking patients about any complications after receiving
the treatment to elicit potentially related issues, which were reviewed, adjudicated by the treating physician,
characterized, and indexed.

Inclusion criteria for this study were as follows: patients with axial neck pain with or without radiculopathy
treated via injections of PRP or PL to cervical facet joints with or without epidural overfill, cervical
transforaminal epidural injections with PL, and cervical ligaments injections with combination prolotherapy
with or without PL between August 2014 and March 2017. Only patients with available pre- and post-
treatment outcome data to 24 months were included. Search criteria to identify patients within the registry
included those with axial neck pain with or without radicular symptoms, cervical instability, foraminal or
central stenosis, degenerative disc disease, and facet arthropathy, before a more extensive chart review was
conducted confirming inclusion criteria.

Processing of the Platelet Products
In preparation for the treatment, patients were instructed to cease the use of non-steroidal anti-
inflammatory drugs and corticosteroids for the preceding two weeks so as not to interfere with platelet
activity. Within 24 hours of the treatment procedure, patients underwent a heparinized venous blood draw
of approximately 60 mL. The PL and PRP were hand-processed in a sterile ISO-5-class biologic safety
cabinet, the details of which have been previously described [23,31]. In brief, all blood products were
processed by hand in a sterile ISO-5-class biologic safety cabinet. For PRP, whole blood was centrifuged at
200×g to separate the plasma and buffy coat layers from the red blood cells. The resultant supernatant was
red cell and white cell-poor, with the volume dependent on individual patient hematocrit levels. To prepare
the PL, the same process was followed to prepare the supernatant, which was then manually extracted under
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a sterile hood via a pipette and placed in a -80°C freezer for 5-10 minutes followed by thawing. This
resultant fluid was then recentrifuged to pellet any remaining platelet bodies. The supernatant was
extracted and sent to the bedside for use. If blood was drawn the day prior to the procedure, the PL was
placed in a -20°C freezer overnight and re-thawed prior to use.

Injection Technique
Under sterile conditions, all patients received percutaneous injections under multiplanar fluoroscopic
guidance. Patients received a combination of cervical facet joint injections with or without epidural overfill,
cervical ligament injections, and/or transforaminal epidural injections (Figure 1). Specific levels for the
injections and laterality were determined by symptoms, physical examination, and imaging studies. Patients
either underwent cervical transforaminal injections or facet injections with fluid overfill to spread into the
epidural space. Cervical facet capsules were also injected either with PRP, PL, or 12.5% hypertonic dextrose
solution (prolotherapy). Cervical supraspinous and interspinous ligaments were also injected with PRP, PL,
or prolotherapy when indicated.

FIGURE 1: Companion case example fluoroscopy images.
(A) Cervical facet injection, contralateral oblique view. (B) Cervical facet injection with epidural overflow,
anteroposterior view. (C) Cervical interspinous ligament injection, lateral view.

Outcome measures
Neck pain treatment outcomes were measured by several patient-reported questionnaires, including the
Numeric Pain Score (NPS), Functional Rating Index (FRI), and a modified Single Assessment Numeric
Evaluation (SANE) [32-34]. The NPS is a scale ranging from 0 to 10, where 0 equates to no pain and 10
equates to the worst possible pain. The minimum clinically important difference (MCID) for the NPS is a
decrease of 2 points. The FRI is on a scale of 1 to 100, where 0 indicates no functional limitations and 100
represents severe disability. The MCID for the FRI is a decrease of 8.4 points [35]. The modified-SANE asked
patients to rate the percentage difference they felt post-treatment compared to pre-treatment. This is
modified from the standard SANE rating because our question allowed answers from -100 (worsened)
through +100 (improved); negative ratings were truncated as 0 to align with the standard SANE rating.

Statistical analysis
Continuous variables were described using the mean and standard deviation (SD). Individual differences
between post-treatment time points and baseline (termed “change scores”) were calculated for NPS and FRI
metrics, and the percentages of patients who met or exceeded the MCID for each metric were calculated.
Wilcoxon signed-rank tests were used to assess whether post-treatment scores differed significantly from
baseline. P-values below 0.05 were considered significant. All analyses were performed using R version 3.5.1
and RStudio version 1.1.456.

Results
A total of 14 patients were isolated for the case series who met the inclusion criteria. See Figure 2 for a
flowchart of the patient selection process. Patient age ranged from 49 to 81 years (mean: 59.8 years), of
which 36% were male and 64% were female (Table 1). All patients underwent a combination of concentrated
platelet injections into cervical facets, cervical interspinous, and supraspinous ligaments and epidural
injections. Table 1 details patient diagnoses, structures targeted, and injectates used. The PRP used was
leukocyte poor with a concentration range of 5-15x with a median of 8.5x. PL concentration ranged from 2-
15x with a median of 2x. Two (14%) patients reported adverse events; one being a skin rash and increased
post-procedure pain and the other itchiness at the site of injection. These were assessed by the treating
physician and self-resolved.
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FIGURE 2: Flowchart of the included patients.
BMC: bone marrow concentrate; NPS: Numeric Pain Score; FRI: Functional Rating Index
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Demographics Diagnosis Injectate  

Patient Age Gender BMI Instability DDD HNP
Facet

arthropathy
Spondylosis Radiculopathy Stenosis PRP PLM PPP Prolotherapy

Epidural

type
PRP booster Adverse events

1 55 F 25.6 x x    x   x  x Overfill 23 months  

2 68 F 39.2 x   x     x   Overfill  Skin rash and pain

3 43 M 25.7 x x  x  x x x x   Overfill 4 months  

4 58 F 22.3  x x x x    x x  Traditional   

5 68 M 25.7 x   x   x x x   Overfill
7months, 11

months
 

6 65 F  x   x    x x   Overfill   

7 51 F 23.2 x x  x x x   x  x Traditional
6 weeks, 4

months
 

8 53 M 24.4 x x x x x x x  x x x Traditional 4 months  

9 60 M 25.1 x   x   x  x x x Overfill   

10 81 M 23.2  x  x x  x  x  x Traditional   

11 49 F 29.0 x x x x  x   x  x Traditional 2 months  

12 57 F 24.3 x x x x  x   x  x Both 11 months  

13 69 F 23.0  x   x   x x x x Traditional  
Itchiness at injection

site

14 60 F 19.9 x   x     x x  Overfill   

TABLE 1: Patient details including demographics, diagnoses, injectates administered, additional
treatment time-points, and adverse events.
BMI: body mass index; DDD: degenerative disc disease; HNP: herniated nucleus pulposus; PRP: platelet-rich plasma; PLM: platelet lysate modified;
PPP: platelet-poor plasma; M: male; F: female

Raw outcome scores are shown in Table 2. Improvement in the mean FRI scores reached statistical
significance at three, six, twelve, eighteen, and twenty-four months with an overall improvement of 27.3 (p =
0.004; confidence interval (CI) = [-33.8, -10.4]). The percentage of patients meeting the FRI MCID for
function was lowest at one month (45%), highest at 12 months (80%), and was 79% at 24 months (Figure 3).
The NPS change scores reached significance at all post-treatment time-points, with a mean decrease in NPS
of 2.8 (p = 0.002; CI = [-4.5, -1.5]) at 24 months. The percentage of patients reaching the MCID for decreasing
pain was lowest at 3 months (45%) and highest at 12 months (80%), with 79% of patients meeting or
exceeding the MCID at 24 months (Figure 4). The modified SANE change scores showed an average reported
percentage improvement of 64% at 24 months, with a peak average improvement of 71% at 12 months.
Though the majority of patients had improvement in symptoms compared with prior to the procedure, two
patients had no improvement in their symptoms at 24 months (Figure 5).
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 Numeric Pain Scale Functional Rating Index Single Assessment Numeric Evaluation

Patient Baseline
1-

month

3-

month

6-

month

12-

month

18-

month

24-

month
Baseline

1-

month

3-

month

6-

month

12-

month

18-

month

24-

month

1-

month

3-

month

6-

month

12-

month

18-

month

24-

month

1 7  8 6 5 7 5 55.0  62.5 70.0 62.5 65.0 57.5  40 30 30 50 50

2 5   0 3 4 3 58.3   12.5 27.5 52.5 27.5   80 80 10 50

3 5 4 4   0 0 55.0 30.0 42.5   0.0 7.5 40 50   100 100

4 3 2 3  2 1 2 37.5 22.5 22.5  20.0 20.0 17.5 20 30  60 70 80

5 3 5 3 2 4 5 4 45.0 55.0 45.0 25.0 55.0 60.0 55.0 20 0 70 50 40 0

6 3 4 4 4  5 4 50.0 50.0 55.0 52.5  55.0 57.5 0 0 0  0 0

7 5 0 4    2 57.5 60.0 45.0    22.5 10 30    70

8 3 3 0 0 0 0 0 32.5 30.0 10.0 2.5 0.0 0.0 0.0 50 90 90 100 70 100

9 7 2 2 0 0 0 0 44.4 25.0 15.0 17.5 5.0 20.0 17.5 30 50 50 80 80 90

10 8 3 2 2 1 1 1 50.0 52.5 47.5 45.0 37.5 17.5 25.0 30 40 60 80 90 90

11 5 3 2 3 2 2 2 67.5 55.0 47.5 35.0 30.0 40.0 20.0 10 50 50 80 75 90

12 4 1 2 1 2 1 1 30.0 30.0 15.0 17.5 15.0 7.5 5.0 70 80 80 60 80 85

13 4 0  0 0 1 1 40.0 27.5  32.5 22.5 25.0 12.5 90  80 90 80 20

14 8      3 40.0      25.0      65

TABLE 2: Patient outcome data.

FIGURE 3: FRI outcomes.
(A) Average FRI scores. P-values are representative of Wilcoxon signed-rank test comparisons between the time-
point and baseline. N’s: 14, 11, 11, 10, 10, 12, 14. (B) Percentage of patients meeting the FRI MCID.

FRI: Functional Rating Index; MCID: minimal clinically important difference
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FIGURE 4: NPS outcomes.
(A) Average NPS scores. P-values are representative of Wilcoxon signed-rank test comparisons between the
time-point and baseline. N’s: 14, 11, 11, 10, 10, 12, 14; (B) Percentage of patients meeting the NPS MCID.

NPS: Numeric Pain Score; MCID: minimal clinically important difference

FIGURE 5: Average SANE scores per time-point.
N’s: 11, 11, 10, 10, 12, 14.

SANE: Single Assessment Numeric Evaluation

Discussion
As has been previously described in the literature, the etiology of neck pain is multifactorial with a
constellation of structural, chemical, and neurological factors likely to blame [7,19,36-38]. The burden of
degenerative spine disorders contributes to decreased quality of life, higher likelihood of opiate utilization,
decreased activity with the resultant indirect ill-effects on health, and significant healthcare expenditures
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[1,39,40]. Traditional interventional pain management techniques have necessitated a narrow treatment
paradigm to a “pain generator” model used to target a limited number of structures as a temporizing
measure rather than a disease-modifying, structural approach [12,13]. When considered through an FSU
model, we see that pain is often preceded by varying degrees of segmental instability related to ligamentous
laxity and/or degenerative disc height loss, predisposing to injury over time secondary to increased stress
and inflammation in related structures [41,42]. Prolotherapy was the original regenerative medicine
injection technique, with the underlying principle of efficacy encompassing the treatment of ligamentous
instability [43-47]. The advent of PRP and its demonstrated efficacy in the treatment of injured tendons and
ligaments, as well as osteoarthritis, offers a potentially more robust and comprehensive approach to an FSU
treatment protocol [25,48-51].

The case series described here supports the use of autologous platelet-based injections performed under
image guidance for the safe and effective treatment of axial neck pain with or without radiculopathy.
Because the FSU treatment paradigm was used, the number of and specific levels treated varied based on
patient-specific pathology. The injection sites were determined by clinical history, physical examination,
and MRI studies. The case series demonstrates clinically significant improvements in pain and functional
outcomes in patients undergoing cervical spine injections with concentrated platelets at the 24-month post-
injection follow-up. When looking individually at the included patients, 12 patients improved in each
category. Though the aggregate data show an overall significant improvement, two patients reported
experiencing increased pain and a decrease in function on the FRI at 24 months. There are no clear factors
unique to the two patients with poor outcomes and further research is needed to better clarify the predictors
of positive responders. Regarding safety, two patients reported minor, self-resolving adverse events.

There are several limitations to this study. First, the data were collected via a registry with a relatively small
sample size and without a control group for comparison. In addition, only 14 of the many patients treated
met the criteria of 24-month follow-up data. Lack of full two-year outcomes data could be due to various
reasons, including those lost to follow-up, surgical intervention, steroid injection(s), registry withdrawal
request, or a new injury that confounded treatment outcomes, such as an automobile accident. Second,
though the principles of treatment remained consistent among patients, there was a lack of standardization
of PRP and PL concentrations. Some patients also underwent more than one treatment. Furthermore, at the
time of this writing, RITs are not reimbursed by insurance in the United States. Therefore, there is often an
out-of-pocket cost and monetary investment by the patient that could in theory lead to biased outcomes
and increased motivation to perceive improvement. Demographics are also relatively self-selecting for this
same reason. Previous public health analyses in the United States have shown a positive correlation between
increasing wealth and better health [52]. The majority of the patients in the study, due to current restrictions
in insurance coverage, are in a financial position to pay out-of-pocket costs for these treatments, and
therefore may be predisposed to having an overall higher likelihood of good health due to other factors.
Therefore, these results may not necessarily be generalizable to the entire population. However, the overall
positive outcomes of this limited dataset do suggest the efficacy of such treatments and further provide a
foundation from which larger, randomized controlled trials can be formulated.

Conclusions
Our cases series compliments early data demonstrating clinical efficacy with injecting multiple components
of the FSU with RITs in the treatment of painful spine disorders. PRP is a safe injectate that shows promise
for effective treatment of axial neck pain when utilized in a thoughtful manner targeting ligamentous laxity,
intraarticular facet arthritis, and nerve root irritation. Though this early data is encouraging, more
comprehensive, randomized controlled trials including a larger number of patients are needed to further
validate these findings. Given the significant impact of neck pain on quality of life for an aging population,
an overreliance on opioid medications for the management of chronic musculoskeletal pain by providers,
and the significant societal costs, both directly and indirectly, a more comprehensive treatment approach
from a biomechanical perspective that offers the possibility of disease modification rather than symptom
management is needed. This study further underscores the importance of continued research in this area to
prove efficacy and help shape medical policy such that more patients have access to care that may prove to
be, in the end, safer and more effective than that offered in our current treatment model.

Additional Information
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Human subjects: Consent was obtained or waived by all participants in this study. International Cellular
Medicine Society issued approval #IRB00002637. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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